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IS : 2166 - 1963 

Indian Standard 

METHOD FOR COMPUTATION OF 

CAPACITY TABLES FOR HORIZONTAL 

AND TILTED OIL STORAGE TANKS 



0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 25 May 1963, after the draft finalized by the Petroleum Measurements 
Sectional Committee had been approved by the Chemical Division Council. 

0.2 The problem of accurate measurement of bulk quantities of liquid 
petroleum products is not a simple one. Its solution involves accurate 
engineering and mathematical work, the skill of the experienced oil gauger, 
and the use of carefully standardized and calibrated equipment. Accuracy 
in measurement is essential in the sale, purchase and handling of oil. It 
not only obviates possible disputes between buyer and seller, but also 
provides the only reliable means of maintaining adequate control over 
storage and distribution losses. 

0.3 The measurement of bulk quantities of liquid petroleum products in- 
volves various processes such as calibration and computation of capacity 
tables of tanks, gauging of tanks, temperature measurement of oils, and 
calculation of bulk quantities of oils in tanks. The need for accurate 
calibration of tanks cannot, therefore, be overemphasized. The object of 
this standard, therefore, is to lay down methods to be adopted uniformly in 
the country which will enable computation of capacity tables of horizontal 
and tilted cylinders. 

0.4 Taking into consideration the views of producers, distributors and 
consumers, the Sectional Committee responsible for the preparation of this 
standard, felt that it should be related to the prevailing trade practices in 
the country in this field. Furthermore, due weightage had to oe given to 
the need for international co-ordination among standards prevailing in 
different countries of the world in this field. These considerations led the 
Sectional Committee to base this standard on Petroleum Measurement 
Manual issued by the Institute of Petroleum (IP), London in 1952. 

0,5 In reporting the result of a test made in accordance with this standard, 
if the final value, observed or calculated, is to be rounded off, it shall 
be done in accordance with IS : 2-1960 Rules for Rounding Off Numerical 
Values (Revised). 

3 
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L SCOPE 

U This standard prescribes the methods of computation of capacity tables 
for horizontal and tilted oil storage tanks intended for bulk storage of 
petroleum and liquid petroleum products. 

2. GENERAL 

2.1 The calculations shall be made in accordance with accepted mathemati- 
cal principles. 

22 At the head of each capacity table it shall be clearly stated that the 
dip/capacity relationship applies only to dips taken at one specified point. 
This point shall be clearly marked on the tank, and the height of the dipping 
reference point shall be recorded at the head of the capacity table. 

J. FORM OF TANK TABLES 

3.1 Provided that tank tables have been prepared in accordance with the 
principles laid down in this standard, the form in which the table is set out 
will not alter the accuracy of the figures obtained from it, but the following 
principles shall be applied in constructing tank tables: 

a) The intervals of dip at which the tables are set out shall not be so 
great that interpolation for intermediate dips is difficult. It is 
convenient to set out tables at intervals of 1 cm. 

b) Setting out short tables may be justifiable in some cafes. But it 
shall be remembered that a comparatively longer table set out so 
that no interpolation is necessary is often quicker in use than a 
shorter table which needs interpolation. This is so since a single 
pro po rti onal parts table, applicable over the whole depth ol the tank, 
cannot be constructed for horizontal and tilted cylindrical tanks. 

c) It should be remembered that, at best, no oil measurements can be 
relied on to nearer than one part in 10000. Commercial tables 
should never be set out to show any fractions of a litre and minor 
discrepancies, within the limit just mentioned, shall be disregarded. 

d) In general, therefore; it is recommended that tables should be set 
out in complete litres against 1-cm intervals. 

ft. CORRECTIONS TO MEASURED CIRCUMFERENCES 
4.1 Step-Oven 

4.1*1 For each obstruction the excess or deficiency of the tape measure- 
ment spanning the obstruction as compared with the step-over interval far 
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the course (ring) concerned shall be subtracted from the circumference, 
figure obtained by strapping, and the result shall be taken as the corrected 
circumference, free from error due to the displacement of the tape from its 
proper path by the obstructions concerned. 

4.1.2 For all horizontal seams for which a step-over correction is detect- 
able, it shall be included. In the case of horizontal seams, provided that 
the tape path used was entirely clear of rivet heads the following procedure 
may be adopted. An average step-over correction may be determined for 
each course ( ring ) and multiplied by 'he number of seams per course (ring) 
to obtain the total correction to be applied to the measured circumference 
of that course ( ring ) to compensate for such overlaps. 

4.1.3 For single obstruction only step-over corrections 2 mm or over shall 
be so included. 

4.1.4 The use of the step-over corrects circumferences for the effect on 
them of horizontal seam overlaps but does not correct the tank tables for the 
effect as dead wood of internal projections of the seam edges* These shall 
be computed and accounted for as dead wood. 



4J2 Plate Thickness — Plate thickness measured shall be converted to the 
nearest 0* 1 mm. 

43 Temperature Correction — Where the strapping and dipping tapes 
are calibrated at 2(f C and the tank table is to be corrected in use with the 
shell at 15°C, from each measured circumference shall be subtracted 
0*000 09 times the measured circumference before the figure is taken into 
further calculation. 

5. CALCULATIONS 

5.1 The mean external circumference of any course (ring) shall be the 
average of the circumferences as measured on each course (ring) in 
accordance with 9 of IS: 2009- 1961 Method for Calibration of Horizontal 
and Tilted Oil Storage Tanks and corrected to the nearest 0*1 mm. 

5.2 The mean internal circumference of the course (ring) shall then be 
calculated from the mean external circumference of the course (ring) by 
subtracting from the latter 2 ar times the plate thickness in metres. 

• 
53 The mean vertical diameter of each course (ring) shall be calculated 
from the measurements as are given in 10 of IS : 2009-1961. It is not per- 
missible to assume that it is equal to the mean internal circumference of 

that course, multiplied by — unless it has been established by 

meats that the tank is truly circular in section. 
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I CORRECTIONS TO DIAMETER MEASUREMENTS 

6.1 Measurements by Steel Tape and Dynamometer 

$.1.0 The term vertical diameter is used in a normal sense as applicable 
to both horizontal and tilted tanks. It denotes a diameter measured in a 
vertical plane which bisects the tank longitudinally. It will be understood, 
however, that all diameters shall be measured perpendicular to the tank 
axis. 

Mean vertical diameter is an average of several vertical diameters 
determined for a tank. 

6.1.1 Calculate the mean diameter of each course ( ring ) as follows: 

a) Average the tape readings obtained as in 17.3 of IS: 2009-1961 
Method for Calibration of Horizontal and Tilted Oil Storage Tanks 
for each course (ring) by dividing the sum of all these readings on 
one course ( ring ) by their number. 

b) Correct the average result as obtained under ( a ) for sag ( see 6.1.3 ). 

c) Add to the result obtained in (b) the dynamometer lepgth. 

d) Where the measuring and dipping tapes are calibrated at 20°C, and 
the tank table is to be correct for use with the shell at 15°C 
multiply the result obtained in (c) by ( 1 - 0000 09) before the 
figure is taken into further calculation. Round off the resulting 
figure to the nearest 0' 1 mm. 

6.1.2 The mean vertical diameter of each course shall be calculated as 
follows: 

a) Average the tape readings obtained on these diameters as in 17.3 
of IS: 2009- 1961 for each course by dividing the sum of all these 
readings on one course by their number. 

b) Add to the result obtained in (a ) the dynamometer length round- 
ing off the resulting figure to the nearest 01 mm. ' 

6.1.3 Corrections for Sag of Tape- Deductions for the effect of sag shall be 
made from the average tape readings obtained in 6.1.1 (a). The correction 
< for sag expressed in metres is given by the formula: 

~ .(|W) 
< * (24P*j-* S 
where 

P *» pull in tape in kg, 
S = span of tape in metres, 
W * weight of tape in kg per metre, and 
r i w% 
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For a tape 10 mm wide and 0*25 mm thick, made of iteel of density 7850 
kf/m 1 values of K to give »he correction in centimetres will be: 

P K 



44 kg 


4-2 x 10-* 


45 kg 


4-0 x 10-« 


46 kg 


3-9 X 10-« 



The above formula gives practically the same results as the equation of 
the catenary and is less cumbersome. 

€.1.4 To the average diameter of each course (ring), corrected for sag, 
and the average vertical diameter without sag correction, add the length of 
the dynamometer when registering a pull of 4-5 kg. 

€.1.5 Corrections for the effect of stretch are unnecessary because the 
tension applied is that at which the tape is standardized. 

€.2 Measurements ky Steel Rod and Rule 

§.2.1 The mean diameter of each course (ring) shall be the sum of all 
diameters measured on that course (ring) in accordance with 17.4 of IS: 
2009-1961 Method for Calibration of Horizontal and Tilted Oil Storage 
Tanks, divided by the number of diameters measured, this result being 
corrected for temperature as specified in 6.1.1 (d), and rounded off to the 
nearest 01 mm. 

6.2.2 The mean vertical diameter for each course (ring) shall be the 
turn of all vertical diameters measured on that course ( ring ) in accordance 
with 17.4 of IS: 2009-1961, divided by the number of vertical diameters 
measured, the result being rounded off to the nearest 01 mm. 

7. CALCULATIONS 

7.1 The mean diameter for the whole tank shall be calculated by taking for 
each course ( ring ) the product of the mean diameter as determined in 6.1.1 
(a) or 6.2.1 and the length of the course (ring) in accordance with IS of 
IS: 2009-1961, and dividing the sum of product thus obtained by the sum 
of the lengths of the courses ( rings ). This result shall be calculated to the 
nearest 0*1 mm. 

7.2 The internal circumference for the whole tank shall be calculated by 
taking for each course (ring) the product of the mean internal circum- 
ference as determined in 5.2 and the length of the course (ring) in 
accordance with IS of IS : 2009-1961 and dividing the sum of products thus 
obtained by the sum of the lengths of the courses (rings). This result 
shall be calculated to the nearest 1 mm. 
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8. PARTIAL OPEN CAPACITIES 

8.1 Calculation— The partial open capacities of horizontal tanks, that it 
capacities without allowing for dead wood, are most easily calculated in the 
following way: 

The dip reading entered in the tank capacity table against which 
partial capacities will appear represents depths of liquid above the 
dipping datum point, and should be numbers of centimetres, suitably 
subdivided if desired, above the dipping datum point. For purpose of 
calculation these readings shall be adjusted as follows, but the adjusted 
readings are only required for this purpose and will not appear in the 
final table. 

Firstly, if the mean * vertical ' diameter as obtained in 6.2 2 is less 
than the actual 'vertical' diameter at the dip point (see 10.3 of IS: 
2009-1961 Method for Calibration of Horizontal and Tilted Oil Storage 
Tanks ), subtract from each dip reading half the difference of these two 
diameters. Conversely, if the mean ' vertical ' diameter is greater than 
the actual 'vertical' diameter, add to each dip reading half the 
difference of these diameters. 

Secondly, if the dipping datum point is not at the same level as the 

!>oint on the tank bottom from which the actual ' vertical diameter re* 
erred to above has been measured, add to each dip reading the height 
of the dipping datum point above the tank bottom or subtract from 
each dip reading the distance of the dipping datum point below the 
tank bottom as the case may be. 

These two corrections will together form a constant correction 
which shall be applied to all dip readings as 'entered in the tank table 
to obtain oil dips to be used in the calculations outlined in subsequent 
clauses. 

8.2 The following procedure shall be followed for calculating the partial 
volumes in horizontal cylinders: 

a) Partial Volume in Cylindrical Shell 

1) Calculate the total volume of the cylinder by the formula: 

i r&L 

4 

where 

D mt mean internal diameter of the cylinder, and 

L «■ length of the cylinder ( including the straight flange of the 
heads). 
it 

2) Calculate -^ ratios for various partial heights, 

8 
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where 

//» dip height as corrected in 8,1, and 
D = mean internal diameter of the cylinder. 

3) Refer to Table II and read the coefficients corresponding to 

LI 

-=r ratios determined in (2) above. 

4) The partial volume in the cylinder for height, 

H— total volume as calculated in (1) multiplied by 
coefficient as read out in (3). 

b) Partial Volume of Elliptical, Dished or Hemispherical Heads 

1) For elliptical or dished heads, calculate the total volume of the 
two heads by the formula: 

~KD^ 
o 

where 

K s= ratio of the depth of the head ( not including the 
straight flange) to the mean internal radius of the 
cylinder, and 

D = mean internal diameter of the cylinder. 

2) For hemispherical heads, the total volume of the two heads is 
given by the formula: 

?£• 

o 
where 

D — mean internal diameter of the cylinder. 

3) Refer to Table I and read the coefficients corresponding 
to j? ratios determined in (a) above. 

4) For elliptical or dished heads, the partial volume in the two 
heads for height, 

// = total volume as calculated in (1) multiplied by 
coefficient as read out in (3). 

5) For hemispherical heads, the partial volume in the two heads 
for height, 

H** total volume as calculated in (2) multiplied by 
coefficient as read out in (3). 
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« 

c) The partial volume of the horizontal cylinder for height H is there- 
fore the sum of the partial volumes as determined in (a) and (b) 
above. 

f .3 Alternate Method — An alternate method for calculating the partial 
volumes by the use of geometric correlations is given in Appendix A. 

t.4 An example indicating method of calculation is given in Appendix B. 

9. DEADWOOD 

9*1 The effect of small pieces of deadwood may be neglected, provided (a) 
that the total elfect of any such neglect shall not lead to error in the tank 
tables exceeding 0*001 percent of the total capacity of the tank, and (b) that 
any 'vertical' deadwood so neglected is distributed evenly, or substantially 
so, over the whole height of the tank, and any ' circumferential ' deadwood 
is distributed evenly, or substantially so, over the circumference of the 
tank. 

9.1.1 In calculating the table, however, it shall be permissible to include 
the effect of any deadwood, however small. 

10. BUTT WELDED TANKS 

10.1 Some simplification is possible because of the absence of lap joints and 
'courses' (rings). 

10.1.1 In the case when circumferences have been measured, calculate 
as follows: 

a) The mean external circumference for the whole of the cylindrical 
part of the tank shall be calculated by taking the sum of the 
external circumferences as measured in accordance with 9.5 of 
IS: 2009-1961 Method for Calibration of Horizontal and Tilted 
Oil Storage Tanks and 4.1 of this standard, divided by the number 
of circumferences measured. This result shall be rounded off to 
the nearest 0*1 mm. 

b) The mean internal circumference for the whole of the tank shall 
then be calculated from the mean external circumference by sub- 
tracting from the latter 2* times the plate thickness in metres. 

10.1.2 In the case where diameters have been measured directly, calculate 
as follows: 

a) The mean diameter for the whole tank shall be calculated by taking 
the sum of the diameters obtained in accordance with 17.3 of 
IS : 20(>p-1961 divided by the number of measurements. This result 
shall be rounded off to the nearest 0'1 mm. 

10 
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b) The mean vertical diameter for the whole tank ihall be calculated 
by taking the sum of the vertical diameters obtained in accordance 
with 17.3 of IS: 2009-1961 Method for Calibration of Horizontal 
and Tilted Oil Storage Tanks, divided by the number of vertical 
diameters. 



APPENDIX A 

( Clause 8.3 ) 

ALTERNATE METHOD FOR CALCULATING THE PARTIAL 
VOLUME BY GEOMETRIC CORRELATIONS 

A-l. METHOD 

A-1.1 The following alternate method may be used for calculating the 
partial volumes in horizontal cylinders. 

A-l. 1.1 Partial Volume in Cylindrical Shell 

a) The oil dip {see 8.1) divided by the mean vertical cylinder 

diameter ( in consistent units ) is equivalent to « , where 2 A 

is the angle, in radians, subtended at the centre of the tank by the 
surface of the oil at the dip in question. 

b) The partial capacity at this dip is then LD* x J (A — } sin 2A), 

where 

L ■ length of the cylinder, and 
D mm mean internal diameter. 

A-l. 1.2 Partial Volume of Cylinder with Dished Ends 

a) Each dished end is considered to be a paraboloid of revolution 
of radius D/2 and height equivalent to the depth of dishing. The 
total capacity of this paraboloid is exactly one half of the capacity 
of a cylinder of radius D/2 and the same height. If P x and P% are 
the depths of dishing of the two ends of the tank, the partial 
capacities of tanks with dished ends are calculated by substituting 

P A- P 
L+ l \ ' for L in the formula given in A-l. 1.1 (b) above, 

subject to correction given in (b) below. 

b) The partial capacities thus calculated are corrected by adding the 
quantity: 

— 1/24 ( sin 2A - \ sin AA ) ^jj-^Z)« 
where 2A is as specified in A-1.1. 1 (a). 

11 
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APPENDIX B 

(Clause 8.4) 

EXAMPLE OF COMPUTATION OF CAPACITY TABLES FOR A 
HORIZONTAL TANK WITH DISHED HEADS BY STRAPPING 

METHOD 



B-l. DATA OBTAINED BY STRAPPING 



Course Measured 
( Rino ) External 
Number Circumference 

metres 



lLeft 


9-420 


1 Middle 


9-423 


1 Right 


9-423 


2 Left 


9-423 


Middle 


9-425 


2 Right 


9-425 



3 Left 9-425 

3 Middle 9423 
3 Right 9-422 

Depth of heads 

Distance of dip 
point from left 
side 

Distance of dip 
point from 
right side 

Level of dip point relative 
to the lowest point of a 
vertical diameter taken at 
either of the extreme ends 



Step-Over 
Corrections 


Length of 
Course 


Plate 
Thick- 
ness 


Vertical 
Internal 
Diameter 




metres 


mm 


metres 


Nil 


3000 


10 


2-979 


»» 






2-980 


>» 






2-980 


»» 


3O00 


10 


2-980 


» 






2-978 


>» 




2-978 
( dip point ) 


» 


3000 


10 


2-979 


>» 






2980 


»> 






2-980 



0-746 m 



4-500 m 



4-500 m 



On the same level 
12 



B-2. ADDITIONAL DATA 

a) Deadwood Nil 

Tape calibration temperature 20°C 
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B-3. CALCULATIONS 

Course (Ring) No. 1 

Mean external circumference at 20°C 
Correction of calibration temperature of tape 

Correction for plate thickness 10 x 6-2832 
Corrected internal circumference 



9 422 m 
-00008 m 

94212m 
-00628 m 

93584 m 



Course 

(Kino) 

NtlMBER 


Mean Internal 
Circumference 


Mean Internal 
Diameter 


Mean Vertical 
Diameter 




metres 


metres 


metres 


1 


9-3584 


2-9777 


2-9797 


2 


9-3607 


2 9784 


2*9787 


3 


9 3597 


2-9781 


2*797 



Me»ndi. m e.«,ofU»»nk 2977 7 + 2:9784 + 2-978 1 _ „„, 



m 



Mean vertical diameter of 2979 7 -f 2-978 7 + 2-979 7 
the unit HI 



Mean vertical internal 
diameter greater than 
the vertical internal 
diameter at the dip 
point by 

Positive correction to be 
applied while calculating 
partial capacities at each 
dip reading 



- 2979 4m 



2-9794- 2-9780 - 0001 4 m 



■0*7 mm 
13 
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B-3.1 Partial Capacities— Using the method as given under 8.2: 
a) Partial Volume in Cylindrical Shell 
1) Total volume of the irEPL 



cylinder 4 

3141 6 x 297-81 x 297-81 



"" 4 

= 62 691 975 cm* 
62692 



X900 



" 1^00028 =62690Iitres 

2) Typical dip reading = 15 cm 

Corrected dip read- 
ing ■= 15-07 cm 

hid -wm = 00506 

3) From Table II, for 

HID =00506 

Coefficient =00190268 

4) Partial volume in 

the cylinder = 00 1 9 026 8 x 62 690 

= 1193 litres 

b) Partial Volume of Dished Ends 

1) Total volume of 3 . H16 ?4 . 6 

the two heads = — g — x 397^] X 2 (29781 )■ 

= 6928625 cm» 
6929 

-i-TOB- 6 * 91 *- 

2) From Table I, for 

H/D =00506 

Coefficient =00074228 

3) Partial volume in 

the two heads = 0007 422 8 x 6 929 

= 51 litres 

The total partial 
volume in the 
cylinder =1193 + 51 

= 1 244 litres 
14 
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1-3.2 Partial Capacitiea— Using the method as given in Appendix A: 
Typical dip reading — 15 cm 
Corrected dip reading = 15*07 cm 

Mean Vertical Diameter X ~™ A » 00506 

Therefore A - 26* « 0*453 8 radiaus 

Corrected dip - ^^ - 00506 

Partial capacity with dished ends for a dip reading of 15 cm: 

(£.4- Pl + Pt )fl» X \I*{A - l/2sin2i4) - 1/24 ( tin fcl - 1/2 sin 

- [( 900 4- 74*6 ) x 297*81 x 297*81 x 0*25 ( 0*453 8 - 0*5 X 
0*788) - 1/24 (0*788-0*5 x 0*970 3) x 74*6 x 297*81 x 
297*81 ] 10-»~ 1*000028 litres 

- 1 209/1000028 litres - 1 199 litres 

The table should be developed using the above procedure. 

The calculating procedure remains practically the same when the tank 
it calibrated by internal measurements. 



IS 



Bt21fS-19C3 



O 



I 



8 

o 



mn lissss §=§s« 
lipi mm iipi 

66600 ooooo 06000 

ooooo 



2§£§3S 

ooooo 

3831S sISII 13825 §3882 



tooSS 
.6666 



S§31§ 

00066 

I8S28 



s 



§CM<0~(0 
. oogg 
06666 

SUSP 2 * 

ooooo 
S2g*» 

66006 



ooooo 

sgggs 

ooooo 
cd9(go 
60660 

llili 

ooooo 

s§S*S 
!!§§§ 

60666 



SS5I* §§§§§ 

06006 

|§i|| 

00060 



lilpl I 



OOOOO 

00060 
r<»<ooir«»0> 

nils 

ooooo 



11 



10 
>6 



§* 2 8* sa-S* 



ooooo 

990^ 
60660 



???9 
0060 

SISS2 

go** cog 

99999 
66000 



C*< 



00066 



O O OQO 

60060 

IS1SS 
Slip 



•OOJiOOOj 
f* -« <0 C* lO 

66066 

§§§§S 
ISIII 

60660 

SISS8 
IsSfl 

66666 



K — <£to mSo— 2 8Sr»J?5> 



l§8i 

iOO< 



OOOoi 

6o6o< 



Ifli? 

>OQOO 



mn 

ooooo 

55858 
|§g|S |saa« 

00606 ~ ^ ^ ^ A 

lllll 



SSSI2 

66666 

H5SSJ 

66666 

sissi 

§§253 

66666 
66666 

82888 

66666 

§=sss 

66666 

88881 

§=22* 
66666 

32§gg 

66666 

1=532 

66666 

§=§22 

66666 



•5 ooooo 



!$£$$ 2=222 22=22 8SS8S 
•0600 66666 66666 66666 



16 



ISt21C6-lS*3 



I 



I 



1^ 
O 



s 

6 



i 



I 



$388* S3SI8 

mn figii 

00600 



00000 

2&SS§2 

38352 

66660 



§8325 

66666 



OOOOO 



§8888 
858! 

6664 



• • • ■ • 

OOOOO 



•^i^r^to** 

2S58S 

MeCCCCMCM 

6» • • # 
oeoo 

c0r*0»~O 
ncoSSt* 

CKNCMCMCM 

66666 



IS* 



IS5S a§35s siii 
8888 



SttiS 18888 

60666 



~fieo^co 

CJi*»C*«OI^ 



CO 

66666 



Sco^tXOr* 
CMWWW 

66666 



2s$l 

60666 

£8121 

66666 

5*888 
!SSS*§ 



66666 

06666 

S22SS? 

O6OO6 

8*88= 

cm coco op co 
06606 



» • • « » 

OOOOO 



3 



NCMNNN 

66666 



SSI?? 

OOOOO 

5825SS 
SS8S2 
66666 66606 



66666 

S681I 

5SI88 



mooter* co 

coep9S¥*> 
66666 



<M^o-:Cr o 

8S8S8 



CM 
CO 



18888 §§I=S 
BBII! 



► CO 
ICC 

0000 



888=3 
S888S 

66666 66666 

3S888 £8881 



sssss 

66666 



CO 



55SS 

2S528 
66666 

81288 

66666 



• -•*&© 

NNNNM 

66666 

*§£25 
SIS8I 

66666 

15888 
8833? 

66666 



t^. p^iOO^co 

Scoeococo 

• » ■ • • 

00000 

38881 

mm 

66660 

88*88 

iisii 

• • • • • 

00000 

S588I 
88888 

66666 
66666 



q>cNcom^* 

r^CNcomcO 
r<»CM£~<0 

S?coS97 

66666 

88888 

66666 

S3S88 
28385 

66666 

38885 

66606 

83818 

66660 



OOOOO 

mcomcoQ 

22888 

66066 

8f85f 

66666 
c*~ooS 

81888 

66666 
6666 

88811 

66000 



SXCRK *?«?? §*??* !*??? ??W 

66666 66666 66666 60666 66660 



17 



ISt21tf.l963 



H 



a 
2 



8 

6 



a; 



oooo 



CO CD CO CO < 

•n in Rini 



► CO 

06666 

nm 

m m in mm 
• • • • • 

00000 



3588= 

8a 2 8? 
00000 



m»nXS»o mm<0<p<5 
66666 66666 



:ess s§»ss 



83858 

■?> tf) «p miO 

66666 



Sm3<p$ 
66606 



HISS SS2S8 



S" CMcomo 
m«o into 
• ■ • • • 

00000 

§^CN — Q 
8) &OV00 

88S8S 

• • • • • 
OOOOO 



>CMf< 

28=8? 

mm<o<0<& 

• # ■ • • 

OOOOO 

<Z*~«co 

88288 

m«n<p*9<p 
66666 



SJC882 
gotSf-f* 
66666 

3£3Stm 

gt en r* ~ m 

6OOOO 

66666 

5S8IS 

66666 
60666 

8S588 



MSI* 

66666 

83S83 

66666 
66666 



OOOOO 

nm 

$2s2s 
60006 

S8SSS 

sssss 

06666 



SilSI S12S8 



CO 
•n 
<0 



CM 



8?S 

66666 






<OC0»j; 

5? 5! co 



CMi 

8; 



IBs 



66666 



CM 

m 



g» r^co 

C7> 9) u> 

W,SN 5S 
m m »oS m 
66666 

S$??8 

in to in«n «K 

• « ♦ • • 

OOOOO 

Sot 00 

828*8 

in in in in «n 

• • • • • 

OOOOO 



O>*fl0cor* 

66666 

cjjto JgjCO 
r^mcNOO? 

mmSSto 
• • • • » 

OOOOO 



m 

CO 
CM 



jKSI 

m in <£ toto 
66666 

882S3 

r** in co <J) in 

*n m<B <o <£ 
66666 



£8S88 

66666 

cMtoinlSr* 
r» r* r^ r* r* 

• • • • • 

OOOOO 

cor^Qio<o 
cm eo in <o r* 

66666 

S8$?5 

CO« — CM-* 

cm co * to r* 
66666 
10 f^ co co co 

• • • • • 

OOOOO 

5£8<$m 

2a$8s 

~ — t -r -. - t^ t-» r* r* t^ 
66666 66660 

ocomSm cnS — cocm 



^ »"• m? r~» 

J585S . 

66666 

SBSil 

66666 



CM 

o 



m^cpmcM 
^•^ r^. chin 
covor^r^co 

66666 

§mo>cor* 
<©<p tor* 
66606 

co<2mo<$ 
*r*caoc» 

$<O<0$r* 

• • • • ■_ 



3 8 <p S^ 
66066 



2S38S 

r*. r* t** r* t«» 
66666 



tomcocJi 
a ~-com<0 

Sssas 

♦ § • • • 

OOOOO 

Kaweoo 
66666 

S*=S3 

iS!!ss2 

66666 

JhCMCMIJjin 

ggsss 

06666 

mm 

66666 



Q — CMCO* 

mmmimn 
66666 



• • • * • 

00060 



83332 £$&$& gjrgRS 

66066 60666 66666 



18 



I8t21W-lH3 



-« 

3 



1 






00 CO 00 00 CO 

ooooo 



00 coco 8 CO 

66666 



O) Ol O) O) O) 

66666 

si 



-WWOf 

meogtCMci 

iOM>0>0|K 
~« CMC* CO CO 

66666 
'xco — eo~« 

R3F*eoS 

CO 00 CO CO CO 

66666 



SSggfS 

o>o<or**« 
u*> eo q* jo — 

66666 

iA 00 Q CO O 

cmcoct» —•o 

O) ^> vX> C) v> 
60666 

35'0«»Ort 

O) Oi Ch &% O) 

OOOOO OOOOO 



Si 

• * *- ±- -i- 






•n 1** 00 QJ2 
^ 0> o) <yj o» 



>if>^CN 

iCMt*»-« 

coeM~»o>r* 

66666 



co 






66000 OOOOO 



<2eod>£3 

mm Q% mm Q\ mm 

«q «n W CM 

r*.3co£o» 

O) Cft Ol O* O* 

66666 
cMr* — eo-* 

M-r^iOCO 



<fc O* O* O* <5> 

66066 



mm o co Cn r*» 
<o 00 **<ro> 



. • • • • 

OOOOO 



•ft 

0> 



if) ~ CO * r* 

SotOcom 

-*O<£C0<£ 

gn o* o> 01 oi 
66066 



<D ▼ CO r* O iO*-*C0CO,D 

hiiZoS — © co 01 in 



0*O> 0> u? O) 

66666 



883 MI 



coco 

COM 

co 2 cp 00 So 
66066 



CO 

o>co »^»o 

QQrMW 
J> OS O* 0# CT> 

66666 



up — cor^U) 

18188 

CO COCO CO CO 

66666 
— r^r^ocM 

mm — 'O^O^ 

CO CO CO CO CO 

66666 



.— CM VO ~ »0 

& ft ?> fc a 
66666 



%n©«*co — 
01& o> o* c> 
66666 

f COO}* co 
O 5? r% in 
»0 O>00 CM 

m> o*co r^~ 
66666 

0> C*. Ci C> O* 



o* o> <r <h o> 
66666 

CN — Or^-N 

vc — O -^ iO 
co \0 co m* o> 

66666 

r** — ipcNift 
o — »ft«M 
-**• — coo> 

O) vj> 0> Ol O* 

66666 



cm £ — r* o 
CM«*CO vp<*» 

OCMOCOCM 

gpr^cog 
os o* i> o o> 
66606 

<©coeoM2«M)« 
cm ifi cor* to 

o» o> o*<K o* 

00666 OOOOO OOOOO 



r>iniHjpcM 

COCsH 



*^8S8 



SSiSS 



op 00 1** «n so 

So? o*o>o* - ^ 

60660 00000 



•noor*~-* 
O) o> Ci y* O* 



— CM CO CM 
COOOCOtHO 

1** r* CO cp 55 
O* Ol Oi Cn O* 

66666 



lis?! SaSil 



CM <+ CM M)« f*> 



o 



tftt-*r*co 

CO CO 03 CO - v _ 
66066 

co^m^xo 

will 

OOO60 

SHIS 

I'll! 

60660 



1^ !*•»<£*■ CM 

66006 

bt co co o» — 

cocKo>q) 9 
66006 



>oooo 



§9SIS 

66666 



CJi^i 0> 0> O* 
OOOOO 

mocMcoai 

CMf^CM<OC2 

t^ r^ CO CO CO 

Ok Ot 9) Oi Oi 
» ♦ ♦ • • 

OOOOO 



0> y^ O) C^l O) 

60606 

cor^OOOO 

o* oi Oj 5* A 
o* 9> p) OS O) 

66666 

coinJfiSS 
OiDiochr^ 

CO iAJ^ CP2 

o> Q) 222 
Y> O) ot o> ^ 

06666 

M>CM< 



SiSI 8ilSS SSiiS sis 

otyiotoJJK OtOiOt9< 
60606 66oo< 



>o 



r^cOoriS^O 

66666~ 



SSSiSS 8SS8S ??^?8 ?5§9* 9|||9? 

Sb666 66666 66666 60600 66006- 



19 



Bs21f€-19C3 



I 

o 
s 

to 
Q 



3 

O 



8 

O 



8 

6 



00006 

OOOOO 



0S066 



!5«5 

i§§!§ 



§S8aS 

fr*it>*>co 
0089 
666O 



CM CO & CO C* 



OOOOO OOOOO 



§cor*~*r*. 
S80O 
^ i» i • • 
OOOOO 



83828 

r*co M>M>r* 
CMCOOCMC* 

spsli 

OOOOO 



>o< 

66600 

r*>*>cocM-< 

38£88 

06066 



i?58l5 SSSSS SSisJ 



0000 
60606 

8*8H 

§S822 
0000 
66666 



"■»*?l 



s: 

OOOOO 



gggSS 

«)^o9(n 

ssiii 

66666 



00000 

82585 

§§§§1 

m * * • 

OOOOO 



o~*cmco7 
66666 

2=§?? 
66666 

!§£§§ 
88288 

OOOOO 

88828 

■a o> 25 coco 

§ CO CD 00 Sp 
O— ;c*2 
• • • ■ • 

OOOOO 

CD CO CO — O 
CO^COCM*- 
(D&iOCOCO 



>0— CMCO 

_ • • • • 
OOOOO 



§2131 

66666 

f^ CO CO CD 0) 
Sole CO CM 

•nicrCcoo 

• • • • # 
OOOOO 

M> CO <0M£Q 

38S88 
?§°;2§ 

• • • • • 
OOOOO 

•nai^cM — 

66666 
M>r*to~r* 

$8728 
S> S?«?8 

• • • » • 
60000 



o>0> 



cmSJ 2<$$cd3 f^oRcoR $2 



66666 60666 



0000 

w + * * m 

OOOOO 



0kO~CMCO 

9rr?r 

OOOOO 



-832 

cooo! 

66666 



2552? 

cmS?3o<9> 



Hill §§§§i 

00600 OOOOO 



• * V • # 

00600 
~cocoiftf* 



a5>M?Sco 
cor»«or* 

§! 



r^r^r^cp co 



sSISS 8S15S5 



60000 



66666 



SsSSS SSsii 513=1 1*118 

S2SX 



66666 
8S382 



2 3gg* 

OOOOO 



PHI 

60666 



§§5s§ iiSsi 



issii 

06666 



USES 

66666 



§1S25 IJS5S IIS8I 



liiii fifii i|||] 



>o 

OOOOO 



s 



6060 



OOOOO 

siiSSig 

♦ ^r co co 00 

66666 

|§e§g 

66666 



OtCMCOp 

m>#^cj>^c5 
M>r»tMO»co 

£ *><&*» CO 

66666 

25888 

M>r*.cMC&t^ 

66666 

8§£§S 
5S«S 
66660 

SSS8SS 

co<o~f*»5S 
66666 



a 

% 



is! 



38$88 2=222 22E22 85888 

66066 66666 66666 66666 



20 



Bsflii.lMS 



o 
> 



8 



I 



8 

6 



8 



3 






888SS S§S§§ 8*318 SS2SS 

ooooo 



8288S 

• • ■ • • 
ooooo 

mm 

$2889 

06600 

SSS92 

0--c*co^ 

CMC*C*C*C4 

• • • * • 
ooooo 

— <o«o — m 
-~o<oo2 

66666 

§!§*$ 

66666 



c*o» — — « 

O00r*ao 

mMMMCI 

60666 

OOO>CM<0 — 

!BS8I 

66666 



SS8«2 

66666 

83538 
sssaS 

• • » • • 
ooooo 

S22S88 

• • • m m 

ooooo 

3§|iS 
§aa£S 

66666 

•QMOfit^ 

2*323 

3SSSS 

66666 

• • • • * 

ooooo 

SsSaS 

60666 



Of 

at 



33SS 

06000 



§§S££ 
8s5« 

66666 



§2828 

#■ * « • ^ 

ooooo 

3f?f3 

66066 



S8SIS SiSiS 

00600 
66006 



ooooo 

83388 
66606 

r«* o* <5 1-* ~- 



§28§2 

66666 

isssi 

• • • • • 

OOOOO 



§§§§§ 

8IS8I 



sisls 

« • • * * 

60000 

mm 

66666 

gggSS 



§88§ 
SSSSr 

66666 

31288 

ooooo 

S$s=2 

66666 
S32R8 
28«5 

ADO 4O0O CJ 

66666 ooooo 66660 
r*.<ho«t0O 

2S7SS 

en too* en to 
60066 

66666 

238*8 
28252 

* • M • • 
00600 

282S3 

66666 



SSScSoo 

S5SI3 

66666 



* • • • • 

ooooo 






2222 
58353 



2232s 
1331? 



2S2IS 



6A666 6««s6 6eeii 



ooooo 000 
§§I§S 

28323 

66666 

52231 
SSS23 

« • • T * 

ooooo 

SIS38 

ooooo 



ooooo 

S222S 

OOOOO 

528X8 

OOOOO 



38588 85888 285*8 ???3* ?¥**$ 

6666b 66666 66666 00666 00660 



21 



IS:21CC>1M3 






5 



9 

o 



m 



i 



e 






3*S§8 IS*S 



B 



in in m in in 
66666 

<OM>corsw* 
CO — coco cm 
— oxocoo 

-*CMCO«*tO 

in in in in in 

• • • • • 

OOOOO 



mSto3to 
66666 



mM>£M> 

rs rs Qh 



. xorsco 

tOtOtOtOtO 

66666 



rsts.rsrs 



OOOOO 



oooo 



<£COOQO<+ CMtorspQ CM ©CO CO op M^CMCOCO-* 

8S898S SS£§2 £§J58S 83128 

ininmtovp 
66666 



toeo^com 
co3« tors cjo 

66666 



0\<Scoi 

CO—^rsO) 

QCMcoM-in 
•n «n in »n «o 

66666 

SH89 

rsocotnco 
qcmco *-in 
in «n in «n in 

66666 

rs js, CO CO CO 

cooSScm 

In «nin *n io 
66666 



*-r^a>o 

C0»O CM 0> 



IS Si§i§ iSS 



CMmrs om 

r^coQ) — cm 

min in <o <o 
• • • • • 

OOOOO 

XcoSjnrN. 
— r*coo>*« 



in Sin 



>CM 

»<© 
66666 

CMCOOCM 

in-*rsCM 
cncMinr^O 
in SSxto 
66666 



CM ' 



'mrs^o 



Si 

CO CM CO fO 



8 



rsocom cq^ 
.- eo m* «n 
in to in «n 



m S in 3 3 



OOOOO OOOOO 



CMift f*3co 

co in cm O)^ 

m *n »n inir> 
66666 

SCO co rs en 

•n 'O in in»n 
• • ■ • • 

OCOOO 



ino~c*CM 

oSinSJp 
66666 

co in co i> 

in in in to to 
66666 



*«in<-*<0co cMin<g 



Q~*CMcnm 
in in in m ip 

60666 



co jnrsrs 



§ 

• • ■ • 

OOOOO 



IN 

► CM 

► CM 



2 rs o> o*^ 
in in *n <5 to 

66066 



incMinco o 
»n — cocMrs 
m cm oo*0) 

IS! 

J lO i . . 

666< 



2}SSS2 

inift in<0i0 



'CM CO 

>CMM> 



Srsrsrsrs 
66666 

§IS§s 

SOCMCO$ 

06666 66666 



ScoSScM CO^COCmS tOCN*00>0 



8883g 

|s,rsrsF»C0 

66606 

>cors 0-« 



mrsQ>CM< 

CO'* «N( 
<0<0(0(0< 



rs< 

CMi 
CO< 

u-jioSSg 

is. rs fs. r*co 
66666 



eotpco — co 
co ^•nis. co 

to to to to <9 

66666 



2mrso> — co 
P~< CO*- 
r* rs rsrs 

66666 



o 

S to rs CO v 
is. r^* is, rs 00 

66666 



|5?SS n*li 919X8 



cm m rs, o> — 
eo m> m to 00 
(O to tO tO tO 

66666 



$ o — co * 
ud i^» r% rs rs 

66666 



in — 
•n - 



ScmS 



co 
rs 



— co to coo 
too to<3to 
66666 

cm S o co in 



m*ors 000S 
rs is, rs rs rs 

66666 

co 05 co to 00 
cm co in co is, 
mto is. coo) 
r*. is, r^ rs rs 

66666 66666 



mm CMtfjrs *CM 



co Ocprs to 
O 00)00 to 

cm in to coo 
en o — cm* 
to rs rs rs f^ 



§ 



66666 



pCMCOOCO 
CM QOiCTicp 
rs 00 I s * to * 

^ O — CMCO 

/s.is.1^ rs 

06666 



s 



p»* co fs rs rsi 
cot?5 — ** 

— rs cm »o is. 

— cm *in<p 
in tors co oj 
isrsrsNts 

66666 

rsinvoOCM 

— QrsCMCO 

o3ot« 
into is. cop) 
66666 



SfSIS 



CMCMi 

£91 



:8s 



lilll II8SSS 

S*SSS 8S28IS 

<0 ^p <p (E (D (o r^ rs. is* rs 

60066 66666 

in CM CM CO fs 

SS$c?2 

S — com rs. 
Or-CMco 
is. rs rs rs 

66666 66666 

OcoOrs<p CM^Oin — — inrs — «q 

55«SS 8S§«S Sg}}5S£§ 

rs.rs|s,rsfs 
66666 



WoSiSij 



is. 

s 



? S rt 83 cT» 
rs rs is. is, rs 

• • • • • 

OOOOO 



<o 00— to in 
66666 



38233 
66666 






X»n*ninin io3?io8S SSStoio SvovoSto rsrsrsrsrs. 
66666 66666 66666 66666 66666 



22 



IS:2166-1963 



1 

o 

I 



8 

O 



t 

6 



f» 



9 

* 



•5 in *• co sj 

8ES88 

00 00 00 CO 00 

66666 

S3SS3 

00606 



88888 

CO 00 00 00 CD 

66666 

88SB2 

r^tocooo — 
00 CO CO 00 CD 

66666 



cm** 9»mcD 



Or* — co — 

*CM — CD< 

— cm co en ' 

OOOOO 



$3 



ScMr^cDtn 
to 00 moor* 



66606 



1O1 



— ««« tO 00 f^ 

ooooooS 

66666 



o 

CM 



11853 SS8s 
sSSIS 2pi§ 

66666 66666 

8SSSS SSSss 



co3to in cm 

-COCO*) ^ 

— CMeOCn J 
CD CD <7> CD CD 

66666 



M» to — r-» en 

<*CMCO *• *• 

cm Oinr^ to 

CM— • tfit^tn 
— CMCNCO^- 
CD CD CD CD CD 

66666 



*n co -* c6 00 
cd -* cdcm pn 

so — r* <*o 

in <£ tp r*% go 
CD CD CD CD CD 

66666 

CO — Q CD 00 
CM <*CM<5<0 
CO O I"* CO CD 
CD CD CD OO 



meo <*r*co 

CD CD CD CD 

66666 

§«*cDco — 

ooooo 66666 



O CD CO CO ^* 

10 %h ^ co r*. 
CO — tO CT) 00 



66666 



SSSS 



ss§s§ 

66666 

mm 

CO 00 00 CO CO 

66666 



mm iiiii 

8 co co co ctf co oi S co ^ 
66066 66660 



ooooo 

•n — co 00 »n 
in a> tn cm cd 

*CM00 — © 



r^ 1^. m op in 

^MOOO 
CMCD tQCO CD 
CD CD CD CD CD 

66666 



~ <ncO O — 

*• tBco o r* 
*nMFiH.cMio 

— O30*P^ CMCDtQCOCD ^CDCOf^CD 

-"Cmcmco^t imo jnn cococdcdcd 

CD CD CD CD CD CD CD CT) CD CD CD CD CD CD CD 



335 225£| 

00 CD CD CD CD CD CD CT) 



18 

66606 



ooooo 

r^ CD CD CO CM 

in — • o •-* — • 
•n-^ococo 

©oor^mco 

Q — CM CO* 

CD CD 9) CD CD 

66666 



XSSI 

ism 

66666 

28855 

S^nc^cDM 

SsSSi 

66666 

MSli 

Iiiii 



CD 00 CO — * 
(3 CD CM CO — 

<8<Bm-«»n 

00 co 00 00 
66666 

1SSII 

66666 

cDoomr»r*. 

co 01^ cm m 

<Or*mCMl0 

ISSSI 

666 66* 

SSSSS 

38£8$ 

66666 



§r*'.0 *«CM 
— CM CO £ 
CD CD CD CD 

66666 



cm CD r^ cm r* 

CO — CMCMVD 

r^ocDT^^ 

— CD m cm 00 
m »n ud r*» r^ 

CD CD CD (D CD 
66666 



co cpcocNim 

So in t. co 
tf>CMr*co 

uS 5n <£ r* r* 

CD CD CD CD CD 

66666 



co CD r** in CD 
cm »n in — cm 

in in to r* r* 

CD CD CD CD CD 
■ • • • • 

OOOOO 



OOOOO 

2 5i*8 

%nn 

66666 

ingCD — CM 
00 CO CO 00 ** 

* in cd in cm 

66666 
3S8!n8 

CDOmCMO 
CM CO CM <£ CD 

CD CD CD vD 

66666 



SSSK8 SSSS2S ss^ss 

r^Scocor. ^oooomi^ yJn — 5SK 



r*»<D in co — 

CD CD CD CD CD 

• t • • • 

OOOOO 



i 



r* 00 -co to 



CD CD CD CD CD 

66666 



to CO o to 
o to r^r* 

CD CD CD CD 
■ • • • 

OOOOO 
r* — cm 00 — 

CD CD CD CD CD 

OOO6O 



CD CD CD CD CD 
66666 



ScjcDr^in 
00 to in m 



!Pf5 



— r^* — in go 
y C7> cpip) CD 



OOO 



CD 



*®8 



8S2 

CD CD CD CD CD 



OOOOO OOOOO 



60006— 



VO — CM 00 
OCMCMCM 
CD^mCM 

r^mcM cDm ^54^ 

CD CD CD C^ <J) 



NfffHfsN S 00 CO CO 00 CO CO 00 00 00 CD CD &) C CD CD CD CD CD CD 8 

66666 66066 oooco 60666 66666— 



23 



BUREAU OF INDIAN STANDARDS 



Hmdqtmrttn: 

Manak Bhavan, Bahadur Shah Zafar Marg, NEW DELHI 110002 

Tataphonaa: 323 0131, 323 3375, 323 9402 

Fax : 91 11 3234062, 91 11 3239399, 91 11 3239382 

TaJagrams : Manakaanttha 
(Common to all Offtess) 

Carifraf Laboratory; 

Plot No. 20/9, Site IV, Sahibabad Industrial Araa, SAHIBABAD 201010 
Ray/ona/ Offlcaa: 

Cantral : Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELHI 110002 
'Eastern : 1/14 CIT Sohama VII M, V.I.P. Road, Manlktola, CALCUTTA 700054 
Northarn : SCO 336-336, Saotor 34-A, CHANDIGARH 160022 
Southarn : C.I.T. Campus, IV Cross Road, CHENNAI 600113 
fWastarn : Manakalaya, E9 Bahlnd Marol Talaphona Exehanga, Andharl (East), 
MUMBAI 400093 

Branch Officaa: 

'Pushpak 1 , Nurmohamad Shaikh Marg, Khanpur, AHMEDABAD 380001 

♦Paanya Industrial Araa, 1st Stags, Bangatera-Tumkur Road, 

BANGALORE 660058 
Qangotrl Complax, 5th Floor, Bhadbhada Road, T. T. Nagar, BHOPAL 462003 
Plot No. 62-63, Unit VI, Qanga Nagar, BHUBANESHWAR 751001 
Kalaikathir Buildings, 670 Avinashi Road, COIMBATORE 641037 
Plot No. 43, Sactor 16 A, Mathura Road, FARIDABAD 121001 
Savitri Complax, 116 G. T. Road. QHAZIABAD 201001 
53/5 Ward No. 29, R. Q. Barua Road, 5th By-lana, QUWAHATI 781003 
5-8-58C, L. N. Gupta Marg, Nampally Station Road, HYDERABAD 500001 
E-52. Chitaranjan Marg, C-Schama, JAIPUR 302001 
117/418 B. Sarvodaya Nagar, KANPUR 208005 

Sath Bhawan, 2nd Floor, Bahlnd Laala Cinama, Naval Kishora Road, 
LUCKNOW 226001 

Patliputra Industrial Estate, PATNA 800013 

T. C. No. 14/1421, Univarsity P. O. Palayam, 
THIRUVANANTHAPURAM 695034 

NIT Building, Sacond Floor, Qokulpat Markat, NAQPUR 440010 

Institution of Enginaars ( Indte ) Building, 1332 Shivaji Nagar, PUNE 411005 



*Salas Offtea is at 5 Chowrlnghaa Approach, P. O. Prlncap Straat 
CALCUTTA 700072 

tSalas Offtea Is at Novalty Chambars, Grant Road, MUMBAI 400007 

{Sates Offtea Is at 'F Bteck, Unity Bulking, Narashimaraja Squara, 
BANGALORE 660002 
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8-77 00 32 


323 76 17 


337 66 62 


60 38 43 


235 23 16 


832 92 95 


660 13 48 


839 49 55 


55 40 21 


40 36 27 


21 01 41 
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